The open superstring 5-point amplitude revisited by Medina, R et al.





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































the cyclic permutations of the Lorentz indices and momenta. The four and ve gluon































































































































; : : : ; k
5
) ; (C.7)
where the Lorentz factors can be derived from (4.1) and (4.3) in a straightforward way.
In the following we will present the results for the terms of order zero, two and three in

0
. Let us begin with the four gluon vertex. The zeroth order contribution can be easily


































) + cyclic perm: (C.8)
The terms proportional to 
0
2
are also straightforward, but much more involved. We
have employed computer algebra to extract this and all higher order vertex contributions.















































































































































































+ cyclic perm; (C.9)































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1kζ1 1a, , , ,ζ k a4 4 4
2ζ 2k a2, , 3ζ 3k 3a, , 3ζ 3k 3a, ,
, ,ζ k a4 4 41kζ1 1a, ,
2ζ 2k a2, ,
(a) (b)
Figure 2: Basic tree diagrams which contributes to the four gluon scattering amplitude. There are







and cyclic permuting the other three.
scalars can be expressed in terms combinations of contractions of the Lorentz scalars in
the Feynman rules. All we need to do that are a few simple relations involving the color
factors associated with the diagrams shown in gures 2 and 3.
The color factor associated with the diagram (a) of gure 2 can be expressed in terms





















































































































































The diagram (b) of gure 3 can be expressed in terms of six dierent color factors,
each one corresponding to the dierent traces in the four gluon vertex given by eq. (C.6).






























































]. We have now the basic ingredients and denitions in order to generate the
Lorentz scalars A(1; 2; 3; 4) and A(1; 2; 3; 4; 5).
Using the relation (D.4) in the expression associated with the diagram (a) of gure 2













) the following expression
 A(1; 2; 3; 4) = V
33
(1; 2; 3; 4)  V
33
(1; 4; 2; 3)  V
4
(1; 2; 3; 4) : (D.7)



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































, ,ζ k a5 5 5
1kζ1 1a, ,
2ζ 2k a2, , 3ζ 3k 3a, ,
, ,ζ k a4 4 4 1kζ1 1a, ,
2ζ 2k a2, ,
3ζ 3k 3a, , , ,ζ k a4 4 4
, ,ζ k a5 5 5 1kζ1 1a, ,
, ,ζ k a5 5 5
, ,ζ k a4 4 4
3ζ 3k 3a, ,2ζ 2k a2, ,
(a) (b) (c)
Figure 3: Basic tree diagrams which contributes to the ve gluon scattering amplitude. The 15
permutations of the diagram (a) can be grouped in 5 sets of three permutations. The rst set is












) and cyclic permuting the other three.
The other four sets are obtained from the rst performing 5$ 1, 5$ 2, 5$ 3 and 5$ 4. There
are 10 permutations of diagram (b) which correspond to the 10 distinct possibilities [(4; 5), (3; 5),










































































































































































































































(i = 1 : : :6) are the Lorentz factors of the independent traces
(see eq. (C.6))
tr(
a
1

a
2

a
3

a
4
) ;
tr(
a
1

a
3

a
4

a
2
) ;
tr(
a
1

a
4

a
2

a
3
) ;
tr(
a
1

a
4

a
3

a
2
) ;
tr(
a
1

a
3

a
2

a
4
)
and
tr(
a
1

a
2

a
4

a
3
) ;
respectively.
{ 38 {
JHEP07(2002)071
T
h
e
e
q
s
.
(
D
.
1
2
)
t
o
(
D
.
1
5
)
,
t
o
g
e
t
h
e
r
w
i
t
h
t
h
e
r
e
s
u
l
t
s
o
f
t
h
e
a
p
p
e
n
d
i
x
C
,
c
o
n
s
t
i
t
u
t
e
a
w
e
l
l
d
e

n
e
d
s
e
t
o
f
i
n
p
u
t
s
t
o
a
c
o
m
p
u
t
e
r
a
i
d
e
d
c
a
l
c
u
l
a
t
i
o
n
.
T
h
e
c
o
m
p
u
t
a
t
i
o
n
o
f
t
h
e
s
e
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